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Introduction 


A  number  of  time-averaged  density  profiles  of  the  cold  subsonic  free  jet  of  the  ISL  were 
measured  with  the  aid  of  a  laser-differential  interferometer  [1], 

The  primary  goal  of  this  investigation  was  to  furnish  proof  by  comparing  the  measured 
density  profiles  with  readily  available  jet  data,  that  it  is  possible  with  little  effort  to 
determine  the  time-averaged  refractive  index  profiles  of  a  turbulent,  axisymmetric  free  jet 
using  the  laser-differential  interferometer.  The  application  of  the  measurement  technique 
to  hot  jets  and  jets  of  larger  diameter  poses  no  problems. 

By  combining  the  measured  density  profiles  with  measured  velocity  profiles,  the  profiles  of 
all  flow  properties  -  e.g.  the  Mach  number  distribution  -  can  be  determined  experimentally, 
constant,  known  pressure  provided. 


Measurement  Technique 

For  the  measurement,  a  laser-differential  interferometer  as  described  in  detail  in  [2]  is 
employed.  In  this  case,  the  optical  arrangement  (fig.  1)  is  quite  simple.  The  beam 
separation  is  very  small.  It  measures  a  =  0.16  mm  and  is  oriented  normal  to  the  free  jet 
axis.  The  lens  #2  and  the  cylinder  lenses  #3  and  #4  form  the  laserlight  into  bands  at  the 
free  jet  location,  extending  over  more  than  1  cm  in  the  direction  of  the  flow,  but  less  than 
0.5  mm  in  the  normal  direction.  With  this  spatial  averaging  method  it  is  possible  to  reduce 
the  signal  fluctuations  due  to  turbulence. 

Since  the  free  jet  can  be  traversed  horizontally  as  well  as  vertically,  translation  of  the 
laserlight  path  or  the  whole  interferometer  is  superfluous.  The  optical  path  gradients 
3(t)/3y(y)  were  registered  by  a  xy-plotter.  The  vertical  free  jet  position  was  linearly 
coupled  to  the  y-position  of  the  plotter.  One  run  lasted  about  15  seconds. 

Between  the  resulting  signal  MJ  and  the  optical  path  gradient  d^jdy,  the  following 
relationship  exists: 


AU=it-U 


a  0(1) 

0  ^  0y  ’ 


(1) 


where  a  denotes  the  beam  separation  distance,  X,  is  the  laserlight  wavelength,  and  Uo  the 
interference  amplitude.  Due  to  the  spatial  light  band  averaging  and  an  additional  time¬ 
averaging  with  the  bandwidth  limited  to  <  10  Hz,  the  fluctuating  part  of  the  optical  path 
gradients  is  strongly  reduced.  Such  geometrical  and  electrical  averaging  will  be  permissible 
only,  if  the  signal  content  of  every  single  light  ray  is  confined  within  its  full  bandwidth  to 
the  applicable  range  of  eqn.  (1),  that  is,  if  no  overshooting  the  linear  range  of  the 
interference  slope  takes  place.  To  ensure  this,  the  signal  fluctuations  were  measured  with  a 
thin  pair  of  laser  beams  within  the  full  bandwidth.  It  turned  out  that  the  crucial  condition 
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was  practically  always  fulfilled. 

In  order  to  calculate  the  refractive  index  distribution  n(r),  Abel’s  formula  was  used: 

3<t>  .  . 

1 T  ^ 

—  ^  dy .  (3) 

ryjy  -r 

The  gradient  profiles  were  smoothened  and  the  two  asymmetrical  branches  were  merged 
to  one  single  curve  of  3<|)  /dy  over  y  >  0.  After  inserting  into  eqn  (3),  this  curve  was  used 
for  the  numerical  computation  of  n(r)  and  Apfrj  for  the  respective  jet  cross  section. 


Results 

The  resulting  profiles  Ap(r)  are  depicted  in  fig.  3.  They  all  possess  the  plateau  expected 
for  the  jet  core.  This  is  a  first  hint  for  the  reliability  of  the  measurement  technique.  For 
more  in-depth  examination,  the  densities  measured  in  the  jet  core  were  compared  with 
estimations  from  jet  data.  The  following  relation  exists  between  the  density  increase  in  the 
inner  of  the  jet  Ap/p^f  and  the  stagnation  properties  To  and  po'. 


Ap  _  P 


'A 


‘0 


0 


‘A 


(4) 


Pn  and  Tn  are  standard  pressure  and  temperature,  Ti  the  ambient  temperature  and  p  the 
pressure  assumed  to  be  equal  in  the  jet  and  in  the  environment.  While  the  stagnation 
pressure  po  was  measured  fairly  precisely,  the  stagnation  temperature  was  uncertain  by 
some  °C  and  moreover  changed  during  the  jet  run-time.  In  the  table  below,  the  measured 
density  increases  in  the  core  of  the  jet  are  compared  to  the  values  Ap/p^/  computed 
using  (4). 
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X  [cm] 

Po  [mbar] 

To  [°C] 

■^P/PN(th.) 

Ap/pN(exp.) 

2 

1783 

18-14 

0.195-0.180 

msBM 

10 

1783 

18-14 

0.195-0.180 

18 

1783 

16-11.5 

0.187-0.205 

0.187 

Eqn.  (4)  is  valid  for 

26 

1783 

17-12 

0.184-0.203 

0.198 

To,  Ti,  Tn  in  [K] 

10 

1813 

18-10 

0.185-0.216 

0.212 

10 

1513 

17-10 

0.134-0.159 

0.167 

10 

1278 

11.5-8.5 

0.104-0.115 

0.115 

The  pressure  p  was  993  mbar,  the  ambient  temperature  T]  =  22°C±  I  °C. 

The  measured  and  the  estimated  density  increases  in  the  jet  core  largely  agree.  A  preciser 
comparison  is  precluded  by  the  uncertainty  and  the  change  over  time  of  the  measured 
stagnation  temperature. 

It  was  attempted  to  compute  the  velocity  profiles  at  the  edge  of  the  free  jet  from  the 
density  profiles  in  fig.  3  using  Crocco’s  relation: 


ZJ  J  ’ 

“l  "o-\ 

Crocco’s  equation  imphes  the  assumption  that  in  the  turbulent  mixing  region  at  the  edge 
of  the  jet  the  order  of  magnitude  of  momentum  exchange  and  energy  transport  is  the  same, 
that  is,  the  turbulent  Prandtl  number  is  unity.  Under  this  assumption  Crocco’s  relation  is 
valid  for  turbulent  free  jets  of  the  same  gas  as  their  outer  environment.  ui  and  Ho  denote 
the  velocity  and  stagnation  enthalpy  in  the  jet  core,  /f  =  /z  + 1/2  •  the  local  (time- 
averaged)  stagnation  enthalpy  at  the  edge  of  the  jet,  and  hi  the  ambient  static  enthalpy. 

The  values  of  uj  and  Ho  were  calculated  from  po  and  the  measured  Values  of  Ap/pN  in  the 
jet  core  -  that  is  without  using  the  measured  values  of  To  by  applying  the  ideal  gas  law. 
Fig.  4  shows  the  resulting  velocity  profiles. 


Conclusive  Remarks 

The  results  agree  with  the  jet  core  density  predictions.  They  show  the  expected  plateau 
and  lie  within  the  estimated  density  range  with  respect  to  the  uncertainty  limits  for  To. 

Further  tests  will  compare  the  velocity  profiles  computed  from  the  density  profiles  to 
directly  measured  velocities  using  laser  anemometry  techniques. 
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Double  Diode,  UDT  Spot  2D 


Wollaston  Prism,  Calcite,  a  =  4° 

Doublet,  f  =  80  mm 
V4-plate 

Wollaston  Prism,  Quartz,  a  =  1° 


Doublet,  f  =  500  mm 

Free  Jet,  80  mm  Dia. 

Doublet,  f  =  500  mm 

Wollaston  Prism,  Quartz,  a  =  1° 
X/4-plate 

2  Cylinder  Lenses,  f  =  60  mm 


Lens,  f  =  200  mm 


He-Ne  Laser,  15  mW 
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18 


2.6  cm. 


X  =26  cm 


uy  =2977 m/s 


